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Abstract:   
Mobility is the most important feature of a wireless cellular communication system. This 
continuous service is achieved by Handoff (or Handover) from one cell to another cell. Handoff 
(also called Handover) is the mechanism that transfers an ongoing call from one cell to another 
cell as a user moves through the coverage area of a wireless cellular system. The main objective 
of handover is to maintain the ongoing calls. Many times it is initiated by crossing a cell 
boundary or by deterioration in quality of the signal in the current channel. Handovers are used 
to prevent an ongoing call to be disconnected. If handovers are not used then whenever a user 
leaves the area of a particular cell then its ongoing call is immediately disconnected. The 
handover process requires a number of parameters e.g. which handover scheme we are using, 
how many channels are free for call. In the handover process the QoS should be kept up to the 
standard. Handoff schemes which are poorly designed tend to generate very heavy 
signaling traffic and, therefore, there is a dramatic decrease in the quality of service (Qos). To 
improve QoS of handover, different types of algorithms can be used such as DFS and BFS. The 
reason for the critical handoffs in cellular communication systems is that in neighboring cells 
always a disjoint subset of frequency bands is used, so negotiations must take place between the 
current serving base station (BS), the mobile station (MS) and the next potential BS. 
 
 INTRODUCTION 
 
The basic concept of a cellular phone 
system is that it has a large number base 
stations covering a small coverage area 
known as cells, and as a result frequencies 
can be re-used. Frequencies re-use means 
each cellular Base Station is allocated a 
group of radio channels to be used. These 
radio channels can be used by another base 
station which is at a suitable distance away 
from it.
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Mobility is provided by cell phone 
systems. So as a result, it is the very basic 
requirement of the system that as the mobile 
handset moves from one cell to another cell, 
it must be able to handover the call from the 
base station of the first cell, to that of the 
next cell with no interruption to the call. In 
satellite communications, it is the process of 
transferring satellite control responsibility 
from one earth station to another without 
loss or interruption of service. In cellular 
telecommunications, handover or handoff 
refers to the process of transferring an 
ongoing call or data session from one 
channel connected to the core network to 
another. 
HANDOFF PROCESS: 
Handoff is a process of changing the 
channel (time slot, spreading code, 
frequency or combination of them) which 
are associated with the current connection 
while a call is in progress [1]. The handoff 
process is initiated by issuing of the handoff 
request. When the power received by the 
MS from BS of neighboring cell exceeds the 
power received from the BS of the current 
cell by a certain amount, this is known as the 
handoff threshold and this is a fixed value. 
For successful handoff, handoff request 
must be grabted by a channel before the 
power received by the MS reaches the 
receiver’s threshold. The area where the 
ratio of received power levels from the 
current and the target BS’s is between the 
handoff and the receiver threshold [2]-[4], is 
called handoff area. Each handoff requires 
network resources to 
reroute the call to the new base station. 
Switching load can be minimized by 
minimizing the expected number of 
handoffs. Another concern is delay; the 
Quality of Service (QoS) may degrade 
below an acceptable level, if the handoff 
does not occur quickly. Minimizing the 
delay also minimizes the co-channel 
interference. During handoff, there is brief 
service interruption. The perceived QoS is 
reduced as the frequency of these 
interruptions increases. The chance of 
dropping a call due to factors such as the not 
availability of channels, increases with the 
number of handoff attempts. Handoff 
algorithms need to be enhanced, as the rate 
of handoff increases, so that the perceived 
QoS does not degrade and the cost to 
cellular infrastructure does not increase. Fig
 
 
Fig.1 Handoff: a mobile moving from one cell to another 
 
Handoff must be performed infrequently and 
successfully as possible and be 
imperceptible to the users. So to meet these 
requirements, a particular signal level is set 
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standard, as the minimum usable for proper 
voice quality at the base station receiver, as 
a threshold, a slightly stronger signal level is 
used at which handoff is made.
 
So the margin = Pr handoff – Pr minimum 
usable must be kept as optimum as possible, 
because too large value of it can burden the 
MSC by unnecessary handoffs or too small 
value may be insufficient time to complete a 
handoff before call is lost due to weak signal 
conditions. 
The handoff should take place at point A for 
the choice of Threshold 1 or Threshold 2. 
The handoff should take place at point B for 
Threshold 3 (see fig. 2). It has now been 
shown in practice that using the hysteresis 
margin greatly reduces the number of 
unneeded handoffs. However, there is a 
delay factor involved here. Optimum trade 
off values for the parameters threshold and 
hysteresis to obtain a tolerable 
delay may be set up. 
4). TYPES OF HANDOFF: 
Handoffs are broadly classified [6], 
[7] into two categories hard and soft 
handoffs. They are also characterized by 
“make before break” and “break before 
make”. In the soft handoff, during the 
handoff process, both existing and new 
resources are used but in hard handoff, 
current resources are 
released before new sources are used. 
 
A. HARD HANDOFF :  
Hard handoff is essentially a “break 
before make” connection. In hard handoff, 
the link to the prior base station is 
terminated before or as the user is 
transferred to the new cell’s base station, 
this means that the mobile station is linked 
to no more than one base station at a given 
time. Under the control of the MSC, the BS 
hands off the MS’s call to another cell and 
then drop the call. Hard handovers are 
intended to be instantaneous in order to 
minimize the disruption to the call. Initiation 
of the handoff may begin when the signal 
strength at the mobile received from base 
station 2 is greater than that of base station 
1. The signal strength measures are really 
signal levels averaged over a chosen amount 
of time. This averaging is necessary because 
of the Rayleigh fading nature of the 
environment in which the cellular network 
resides. A major problem with this approach 
to handoff decision is that the received 
signals of both base stations often fluctuate. 
When the mobile is between the base 
stations, the effect is to cause the mobile to 
wildly switch links with either base station. 
The base stations bounce the link with the 
mobile back and forth. Hence the 
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phenomenon is called ping- ponging. Hard 
handoff is primarily used in FDMA 
(frequency division multi+ple access) and 
TDMA (time division multiple access), in 
which different frequency ranges are used in 
adjacent channels in order to minimize 
channel interference. So it becomes 
impossible to communicate with both BSs 
when the MS moves from one BS to another 
BS (since different frequencies are used). 
B. SOFT HANDOFF: 
Soft handoff (or handover) is a 
mobile cellular network technology 
commonly used in CDMA (Code-division 
multiple access) systems that enables the 
overlapping of the repeater coverage zones, 
so that every mobile station is always well 
within range of at least one of the base 
stations. A Soft handoff mechanism works 
by first switching and establishing 
connection with another base station before  
disconnecting from the existing base station 
in the network, so it is also sometimes 
referred to as “Make-before- Break” 
Handoff. The soft handoff technology has 
many advantages like since there is no 
change in frequency or timing as a mobile 
set passes from one base station to another 
base station, so there are practically no dead 
zones therefore the connections face 
negligible interruption and the dead zones 
are practically nonexistent. If compared to 
hard handover, Soft handover offers more 
reliable access continuity in network 
connection and less chances of a call 
termination during switching of base 
stations. This is due to it inherent attribute to 
handle simultaneous frequency channels 
which rarely suffer from fading or 
interference at the same time and together. 
In soft handoff technology, the connections 
are relatively permanent and the 
communication is more stable in comparison 
to the other cellular technologies because in 
CDMA technology, all the repeaters use the 
same frequency channel for each mobile set, 
irrespective of the location. In comparison to 
hard handoff, technical implementation of a 
Soft handoff is more expensive and 
complex. Now the soft handoff procedure is 
as follows: Suppose that the mobile station 
is linked and  communicating with base 
station 1. Every base station is sending a 
pilot signal, which among other things, gives 
a measure of the signal strength to mobile 
users. When the signal strength of base 
station 2 exceeds the add threshold, base 
station 1 is notified to place base station 2 
onto the candidate list. Further, when the 
signal strength of base station 2 becomes 
greater than that of base station 1 by some 
specified level, Base station 2 is placed on 
the active list and it also is allowed control 
of the call. Here, diversity combining is 
implemented. Now upon the signal level of 
base station 1 going below the drop 
threshold, the drop timer is activated. If it 
happens now that the signal level of base 
station 1 goes back above the drop level, the 
drop timer will be reset. However, if the 
signal strength level goes below the drop 
threshold and the drop timer expires; base 
station1 is dropped from activity with the 
call. 
C   HORIZONTAL HANDOFF: 
In Horizontal handover the users use 
the same network access technology and 
mobility perform on the same layers. In this 
handover the on-going calls are to be 
maintain and although the change of IP 
address because of the mobile nod 
movement. This handover may be 
categorized according to the direction of 
handover invocation. 
D. VERTICAL HANDOFF: 
Vertical handovers ensure universal 
roaming between different wireless 
networks operated by different 
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network service providers. In vertical 
handover the mobility perform 
between the different layers and the 
users can move between different 
network technologies. In vertical 
handover the mobile node moves 
across the different heterogeneous 
networks and not only changes the IP 
address but the QoS characteristics 
and also changes the network 
interface [9]. Vertical and over 
process: The process of vertical 
handoff can be divided into three 
main steps [10], [11], namely 
handoff initiation, handoff decision, 
and handoff execution. 
i) Handoff Initiation Phase: 
In this phase, in order to start the 
handoff event, information to be collected 
about the network from different layers likes 
Link Layer, Application Layer and 
Transport Layer. These layers provide the 
information such as RSS, power, link speed, 
cost, bandwidth, jitter, user preferences and 
network subscription, throughput etc. Based 
on this information handoff will be initiated 
in an appropriate time. 
      ii)   Handoff Decision Phase: 
In this step, mobile device decides 
whether the connection to be continued with 
current network or to be switched over to 
another one and the decision may depend on 
various parameters which have been 
collected during handoff initiation phase. 
     iii)  Handoff Execution Phase: 
In this phase, existing connections 
need to be re-routed to the new network in a 
seamless manner. In this phase, 
Authentication and authorization and the 
transfer of user’s context information are 
also included. 
HANDOVER PROTOCOLS: 
In the design of a handover protocol 
[13], there are several factors that are to be 
considered. These factors are related to 
handover performance issues and constraints 
imposed by the operating environment. The 
handoff protocols can be classified into four 
categories [14]: 
1. Full Connection Re-routing: 
A new VC is established here as if it 
is a new call. Handoff scheme proposed in 
[15] makes use of external processors called 
Inter-Working Devices (IWDs) to manage 
handoff. These techniques are latent due to 
the need of computation of new routes but 
also optimal. 
2. Route Augmentation: 
This protocol offers a simplest 
means of achieving handoff, since it requires 
little buffering, no cell sequencing and not 
much additional routing. It involves route 
extension by adding a route from last 
position to current position of MT. It does 
not provide optimal path. 
3. Partial Connection Re-routing 
(Incremental Reestablishment): 
In this technique, a part of route is 
preserved for simplicity, while the rest is re-
routed for optimality. In this, the Nearest 
Common Node Rerouting (NCNR) 
algorithm presented in [16], routes the 
connection according to the residing zone of 
MT. This NCNR attempts to perform the 
rerouting for a handoff at the closest ATM 
network node which is common to both 
zones involved in the handoff transaction. 
The Hybrid Connection algorithm presented 
in [17] consists of Cross-Over Switch (COS) 
discovery and in case of intracluster 
handoff; the cluster switch itself performs 
the handoff at COS. In this type of handoff, 
the COS discovery process is initiated based 
on the handoff hint message provided by the 
MT. A partial path is set up between the 
COS and target switch, while the rest of the 
old path is preserved. This technique 
requires computation of nearest  node or 
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COS, buffering and cell sequencing but 
provides better resource utilization and 
reduced signaling. 
4. Multicast Connection Rerouting: 
This method is the combination of 
above three techniques and it pre-allocates 
resources in the network portion 
surrounding the macro-cell where the 
mobile user is located. Whenever a new 
mobile connection is established, a virtual 
connection tree (VCT) [18] is created, which 
connect all Base Stations (BSs) including 
the macro-cells towards which the MT 
might move in the future. So, the mobile 
user can freely roam in the area covered by 
the tree without invoking the network call 
acceptance capabilities during handover. 
The allocation of the VCT may be static or 
dynamic. This approach is fast and can 
guarantee the negotiated QoS in case of 
network handover. It may not be efficient in 
terms of network bandwidth utilization, 
because there exists the possible denial of a 
connection due to lack of resources and high 
signalling overheads, especially in the case 
of dynamic tree allocation. 
REQUIREMENT, AIM and 
NECESSASITY of HANDOFF: 
A. Handover of a call may be 
required in following situations: 
a) When the received signal Strength is 
faded due to deep shadow (hole), 
then handover can be used to stop 
the drop-out of the call, if the 
received signal strength of the 
neighboring cell is good. 
b) The call has to be permanently 
handed over, when the mobile 
reaches a cell boundary.  In the 
systems which are based on 
channel rearrangement, when it is 
necessary to use a forced handover 
of an existing call to accommodate 
a new call or a handed over call. 
B. Aim of a good handover strategy 
includes: 
       1. The number of drop-outs should be 
minimum, 
       2. The number of handovers should be 
minimum, 
       3. Quick switch over of the call without 
any disturbance to the call, 
       4. There should be minimum 
unnecessary handovers, 
       5. The effect on new call blocking 
should be minimum. 
HANDOFF MANAGEMENT ISSUES: 
Handoff management has proposed several 
challenges in the implementation of wireless 
technologies. The open issues are listed 
below: 
1) QoS (Quality of service): 
The main issue to be considered is 
guaranteeing of negotiated QoS. The critical 
factors that influence the QoS disruption 
during handoff are - handover blocking due 
to limited resources, out-of-order cell 
delivery, cell losses, delay and delay 
variations. The minimization of QoS 
disruption can cost buffering. Provisioning 
of the Qos also needed to address the timing 
and synchronization issues. Discusses local 
and global adaptive synchronization criteria 
based on Lyapunov stability theory for the 
uncertain complex delayed dynamical 
networks [19]. 
2) Rerouting Connections: 
The issues remain in development of 
algorithms for finding new route options, 
creation of signaling protocols for the 
determination of the feasibility of proposed 
solutions, and for reconfiguring the 
connection path. 
3) Point to Multipoint: 
This includes the development of 
protocols that address rerouting the point-to-
multipoint connections of MTs. 
4) Mobile-to-Mobile Handoff: 
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For a mobile to mobile connection, 
there is a need to address up gradation of 
existing protocols in order to support 
connection routing and QoS (Quality of 
Service). 
5) Optimization: 
 This includes the development of 
efficient methods that allow an existing MT 
connection to be periodically rerouted along 
the optimal path. 
OVERCOMING ISSUES: 
Above issues can be resolve to a extent 
using BFS and DFS Algorithms. 
 
1) QoS (Quality of service): 
 Resources can never be unlimited. 
We have to use it in a efficient manner. 
Maximization of channel utilization can be 
done by the use of DFS and BFS. Using 
DFS and BFS, the shortest path between the 
source and destination cell can be find out. 
In case of out of order cell delivery, the 
count of available channels can be stored in 
different data structures like stack and 
queue. Delay and delay variations can be 
overcome iff channel is available. Timing 
and Synchronization issues can be addressed 
by storing the nearest neighbor cell into the 
stack or queue. 
2) Rerouting Connections: 
 New route options are easily traced 
using BFS and DFS. These algorithms result 
in finding various numbers of paths between 
source and destination. 
3) Point to Multipoint: 
 Point-to-multipoint connections can 
be implemented using DFS and BFS in 
which adjacent nodes of a node are known. 
4) Mobile-to-Mobile Handoff: 
 For a mobile to mobile connection, 
QoS and Rerouting Connections are handled 
easily by using DFS and BFS. 
5) Optimization: 
 This includes incurring minimum 
cost in handover process between the cells. 
CONCLUSION: 
 
In wireless networks, handoff 
between cells is unavoidable because it is 
very necessary to maintain the ongoing 
calls. There are occurrences where a handoff 
is unsuccessful and lots of research was 
conducted regarding this. The main reason 
was found out in the late 80’s. In adjacent 
cells, when a user moves from one cell to 
another frequencies cannot be reused; a new 
frequency must be allocated for the call. The 
user’s call must be terminated if a user 
moves into a cell when all available 
channels are in use. Also, there is the 
problem of signal interference where 
adjacent cells overpower each other 
resulting in receiver desensitization. In this 
paper, we study the efficient channel 
allocation and handoff strategies to 
guarantee continuous service with good Qos 
(Quality of service) to mobile multimedia 
users. The handover initiation techniques are 
composed on the basis of hysteresis, signal 
strength, and threshold. 
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